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Abstract 
In this paper, we compute the optimal strategy to control the stock level of a multiproduct inventory system and to select the 
supplier from several alternatives such that the total cost is minimum by using the model predictive control. The dynamic of this 
system will be modeled into linear time invariant state space. Furthermore, to control the stock level and to select the supplier in 
simultaneous way, the model predictive control will be applied which minimizes an objective function subject to a dynamic 
equation. This dynamic equation presents the dynamic stock level whereas the objective function of this problem presents the 
total cost of the supplier selection problem as well as the gain between the stock level and the desired level given by the decision 
maker. We give the numerical simulation for this system by using the model predictive control toolbox in MATLAB then we 
observe how this model predictive control method generates the optimal strategy to the corresponding response of the stock level. 
From the simulation results, the model predictive control generates the optimal strategies to control the stock level with minimum 
total cost and the stock level follows the decision maker desired level. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of the Industrial Engineering and Service Science 2015 (IESS 
2015). 
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1. Introduction 
To improve their benefit, manufactures must optimize all of their operational cost. There are many things that can 
be optimized in logistics and supply chain management [1]. The two important things of manufacture’s operational 
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cost are raw material purchasing and its holding cost. In order the stock level of raw material in the warehouse meets 
the demand and guarantees that the raw material would not run out, then its stock level should be controlled. Firstly, 
the dynamic stock level must be modeled into a mathematical model.  Next, it can be controlled by using some 
control method to determine its optimal strategy. The basic mathematical model of single-product inventory system 
was appeared in [2]. It was also performed the optimal policy generated by linear quadratic optimal control. 
For single product and multi-supplier inventory system, the optimal strategy for controlling this inventory was 
considered in [3], but the supplier selection problem was not optimized. How to review the inventory in supply chain 
for multi-supplier case was explained in [4] and it gives the mathematical model of periodic review inventory 
system. The optimal policy for single-period inventory system with two independent suppliers was considered in [5]. 
It was solved by assuming the holding cost and shortage cost function is convex. The optimal strategy for joint 
supplier selection, replenishment and manufacturing control problem was presented in [6] in dynamic stochastic 
scheme, but it was not jointed with the stock level control problem. Another method to control an inventory system 
is particle swarm optimization algorithm that was performed in [7]. It was used for controlling the multi-item and 
multi-periodic inventory system with variable demand and discounts. It performed without giving the optimal 
strategy for selecting the supplier. On supplier selection problem, reference [8] used the mixed-integer programming 
to determine the optimal supplier without controlling the inventory level in the warehouse. For multi-product 
inventory control problem, references [9], [10] and [11] performed the optimal policies with some constraints under 
imperfect quality assumption. Some researches were generate the optimal strategy to control the inventory on many 
specific manufactures, for example, reference [12] performed the inventory policies in pharmaceutical system and it 
can be applied to other manufactures with some adjustments. The optimal strategy of an inventory and/or supplier 
selection can be performed under certain demand or uncertain demand. For uncertain demand, reference [13] gave 
the optimal policies for inventory system with supplier selection and order allocation for multi-echelon case.  
In control system, the basic model predictive control (MPC) is an optimization based method for controlling the 
linear discrete systems and it is applicable for state stabilization and state tracking problem [14]. Moreover, MPC 
can be applied for many kind of dynamic systems, for example, MPC can be applied to control linear systems and 
nonlinear systems. Lately, it can be applied to control a hybrid systems [15]. MPC is the famous for practitioners or 
researchers and it is applied to solve many control problems. MPC is performed by predicting the state and input 
variables along prediction horizon, substituting these predictions into objective function and solving it using 
optimization method to determine the optimal control action.  
In this paper, we will perform the optimal strategies to control the stock level of a multi-product multi-period 
inventory system and determine the optimal supplier for each product from several alternative suppliers so that the 
total cost will be minimized. The optimal strategies for all period will be compute by using model predictive control 
after the dynamic of this system is modeled. We will give the computational simulation for this inventory system 
using model predictive control toolbox in MATLAB. From simulation results, we will observe how the model 
predictive control method generates the optimal strategies and how the dynamic of the stock level is compared to the 
desired level given by the decision maker. 
2. Mathematical model 
Let > @1 2( ) ( ), ( ),..., ( )my k y k y k y k c  be the vector of the on-hand stocks where y1, y2, …, ym are the on-hand 
stock of products 1, 2, …, m at review period k. The dynamic of y depends on the arriving shipments and on demand 
d. Assumed that for 0k  , ( ) 0y k  . Let ( )iu k  be the amount of shipment of product-i that arrived at time period k,  
(1) (2) ( )( ) ( ) ( ) ... ( )si i i iu k u k u k u k     where s is the number of the supplier and ( ) ( )jiu k  denotes the shipment of 
product-i from supplier-j. The dynamic of yi for any 0k t  can be expressed as  
1 1
0 0
( ) (0) (1) ... ( 1) (0) (1) ... ( 1) ( ) ( )
pk n k
i i i i p i i i i i
j j
y k u u u k n d d d k u j d j
  
  
            ¦ ¦   (1) 
where pn denotes the lead time delay of the shipment and  
210   Sutrisno and Purnawan Adi Wicaksono /  Procedia Manufacturing  4 ( 2015 )  208 – 215 
 
1 1
1 1
0 0
1 1 1
2 22
0 0
1 1
2
0 0
( ) ( )
( )
( ) ( )( )
( ) .
( )
( ) ( )
k k
j j
k k
j j
m k k
m
j j
u j d j
y k
u j d jy k
y k
y k
u j d j
 
  
 
  
 
  
ª º« »« »ª º « »« » « »« »  « »« » « »« » « »¬ ¼ « »« »¬ ¼
¦ ¦
¦ ¦
¦ ¦
  (2) 
Let 1( ) ( )i iy k x k  and ( ) ( )ij px k u k n j    for 2,3,..., 1pj n  , then (1) can be expressed as 
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  (3) 
for 1,2,...,i m and 1pn n  . System (3) may be expressed as the following linear time invariant discrete time 
state space 
 1 1 2 2
( 1) ( ) ( ) ( ) ... ( ) ( )
( ) ( )
s sx k Ax k B u k B u k B u k Ed k
y k Cx k
      ­®  ¯
  (4) 
or 
 
( 1) ( ) ( ) ( )
( ) ( )
x k Ax k Bu k Ed k
y k Cx k
   ­®  ¯
  (5) 
 
where > @1 2, ,..., ,mA diag A A A (1) (2) ( ), ,..., si i i iB B B B cª º ¬ ¼ , > @1 2, ,..., sB B B B , > @1 2, ,..., mC C C C c  
1 1 0 0
0 0 1 0
0 0 0
1
0 0 0 0
iA
ª º« »« »« » « »« »« »¬ ¼
 for 1,2,...,i m , ( )
0 0 0
0 0 0
1 0 0
j
iB
ª º« »« » « »« »¬ ¼
, ( ) ( )( ) ( )1 2, ,...,
j jj j
mu u u u
cª º ¬ ¼ ,   
(1) (2) ( ), ,..., miu u u u
cª º ¬ ¼ , > @1 2, ,..., su u u u c , > @1 2, ,..., ,mE E E E c  > @1,0,0,...,0iE c   for 1,2,...,i m , 
> @1,0,0,...,0iC c  for 1,2,...,i m . Notation vc  denotes the transpose of v . 
This inventory system, represented by (5), will be controlled such that the output state of this system, i.e. the stock 
level y is near the desired stock level yd as close as possible. We assume that the cost components are unit price and 
transport cost. Let Pil be the unit price of product-i from supplier-l and Til be the transport cost per unit of product-i 
from supplier-l, then the purchasing cost for all products ( )cO  for each period k=0,1,…,k-1 is 
 
1 1
( ) ( )
0 1 1 0 1 1
( ) ( ) ( )
k s m k s m
l l
c il ili i
j l i j l i
O k P u j T u j
 
      
 ¦¦¦ ¦¦¦ .  (6) 
Equation (6) can be rewritten by  
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1 1
( )
0 1 1 0
( ) ( ) ( ) ( )
k s m k
l
c il il i
j l i j
O k P T u j Qu j
 
    
   ¦¦¦ ¦   (7) 
where > @11 11 12 12, ,..., ms msQ P T P T P T    . 
3. Model predictive control 
 The objective for this problem is minimizing the total cost and bringing the stock level y into desired level yd as 
close as possible, i.e. minimizing the gain between y and yd as follows 
 > @ > @ 1
0
( , ) ( ) ( ) ( ) .
k
d d
j
J x u y j y y j y Qu j

 
c   ¦   (8) 
Completely, the control problem of this system is 
 > @ > @ 1
0
min ( , ) ( ) ( ) ( )
k
d d
u j
J x u y j y y j y Qu j

 
c   ¦   (9) 
subject to : ( ) ( )0 ( ) ,j ji iu k SC kd d  ; 0 ( ) ,i iy k WC kd d  ; and (4); 
where ( )jiSC  is the maximum capacity for supplier-j to supply product-i and WCi is the maximum capacity of the 
warehouse for product-i. By basic optimization theory, the objective function in optimization (9) can be replaced by  
 > @ > @ 1
0
min ( , ) ( ) ( ) ( ) ( )
k
d d
u j
J x u y j y y j y u j Qu j

 
c c   ¦   (10) 
where  11 11 12 12, ,..., ms msQ diag P T P T P T    . The optimal input or optimal strategy of this control problem 
will be determined by using model predictive control. It will be done by solving the above optimization problem. To 
simulate its dynamic, i.e. the dynamic of the stock level of this inventory system, we use the model predictive 
control toolbox on MATLAB by inputting the objective function, constraints, and other parameters. 
4. Computational simulation 
Let the number of product is 3 that are 1 2,p p  and 3p , the number of supplier is 3, and lead time delay 2pn   
hence 3n  . Then the matrices corresponding to (5) are 
> @1 2 3
1 1 0
, , , 0 0 1
0 0 0
iA diag A A A A
ª º« »  « »« »¬ ¼
 for each 1,2,...,3i  , 
(1)
(2)
(3)
,
B
B B
B
ª º« »« » « »« »¬ ¼
 ( )
0
0
1
jB
ª º« » « »« »¬ ¼
 for each 1,2,...,i m , 
1
2
3
,
C
C C
C
ª º« » « »« »¬ ¼
 
1
0
0
iC
ª º« » « »« »¬ ¼
 for each 1,2,...,i m , > @1 2 3, ,E E E E c , > @1,0,0iE c   for each 1,2,...,i m . 
The unit price, transport cost and other parameters are given in Table 1 to 4. 
Table 1. Unit price ($) 
Product 
Supplier 
s1 s2 s3 
p1 
p2 
10 
20 
12 
18 
12 
19 
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p3 13 13 14 
Table 2. Transport cost / unit ($) 
Product 
Supplier 
s1 s2 s3 
p1 
p2 
p3 
1 
1 
2 
0.5 
0.5 
1 
0.5 
1 
2 
Table 3. Supplier capacity (unit/period) 
Product 
Supplier 
s1 s2 s3 
p1 
p2 
p3 
100 
120 
110 
200 
150 
140 
140 
120 
80 
Table 4. Supplier capacity (unit/period) 
Product Warehouse capacity (unit/period) Desired inventory level 
p1 500 300 
p2 450 300 
p3 600 350 
Let the initial level for products p1, p2 and p3 are 200 items, 200 items and 250 items respectively then > @(0) 200,200,250y c . Assume that the demand is constant, that is > @( ) 50,50,50d k c  for all 0k ! , i.e. the 
demand for each product is 50 items for each review period. The decision maker desires that the stock level must be 
located at 250 items, 250 items and 350 items respectively for products p1, p2 and p3. We will simulate this inventory 
system for 1,2,...,10k   performed by using model predictive control toolbox for MATLAB. The input and output 
for this simulation are performed by Fig.1 and Fig. 2. 
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Fig. 1. Input (shipment) ( )jiu  and demand di for 1,2,3i  and 1,2,3j   
Fig.1 shows the optimal input or optimal strategy generated by MPC controller. It can be observed that product-1 
supplied only by supplier-1, product-2 also supplied only by supplier-1, and product-3 also supplied only by 
supplier-1 in order the purchasing cost is minimal and the stock level for each product follows the desired level. 
From Fig. 1, it can be seen that supplier-2 and supplier-3 are supply 0 items for period 1 to period 10, in other 
words, all products are supplied by supplier-1 so supplier-2 and supplier-3 were not selected to supply any product 
for period 1 to 10. If this optimal input or optimal strategy showed by Fig.1 is applied to this inventory system, it 
will affects the output that is the dynamic of the stock level for each product given by Fig.2. 
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Fig. 2 The output: stock level 
 
Fig. (2) shows dynamic of the stock level for each product. The initial value of stock level of product-1 is 200 
items, after met the demand and received the product from supplier-1 for day 1 to 3, it was sufficiently closed to the 
desired level i.e. 300 items. The stock level of product-2 and product-3 was performed analogously to the stock level 
of product-1. From Fig. (2), it can be conclude that the stock level for each product followed the desired level well. 
5. Concluding remarks and future works 
In this paper, the model predictive control was used to determine the optimal strategy for controlling the multi-
product multi-period inventory system and its supplier selection problem. The objective function of this control 
problem stated the cost in supplier selection and the gain between the stock level and its desired level. The dynamic 
of this system presented the dynamic stock level for all products in this inventory system. Computational simulation 
was considered with three alternative suppliers and three products with constant demand. From the simulation 
results, it can be taken a conclusion that the stock level for each product followed the desired level well.  
In the next works, we will include other operational costs like order cost and penalty cost for defect or late 
shipment. If the inventory system has two or more interval levels which has different holding cost for each interval, 
we will give the mathematical model for it called hybrid model for inventory system and we will design its 
controller by using MPC for hybrid systems. 
References 
[1]  M. Christopher, Logistics & Supply Chain Management, Great Britain: Pearson Education Limited, 2011.  
[2]  P. Ignaciuk and A. Bartoszewicz, "Linear-quadratic Optimal Control Strategy for Periodic-review Perishable Systems," IEEE Transaction 
on Control Systems Technology, 20, pp. 1400-1407, 2010.  
[3]  Y. Arda and J.-C. Hennet, "Inventory control in a multi-supplier system," Int. J. Production Economics, vol. 104, pp. 249-259, 2006.  
[4]  S. Minner, "Multiple-supplier inventory models in supply chain management: A review," Int. J. Production Economics, Vols. 81-82, pp. 
265-279, 2003.  
[5]  B. Yang, L. Sui and P. Zhu, "Research on Optimal Policy of Single-Period Inventory Management with Two Suppliers," The Scientific 
World Journal, vol. 2014, p. 5, 2014.  
[6]  A. Hajji, A. Gharbi, J.-P. Kenne and R. Pellerin, "Production control and replenishment strategy with multiple suppliers," European Journal 
of Operational Research, vol. 208, pp. 67-74, 2011.  
[7]  S. M. Mousavi, S. Niaki, A. Bahreininejad and S. N. Musa, "Multi-Item Multiperiodic Inventory Control Problem with Variable Demand 
and Discounts: A Particle Swarm Optimization Algorithm," The Scientific World Journal, vol. 2014, p. 16, 2014.  
[8]  N. R. Ware, S. P. Singh and D. K. Banwet, "A mixed-integer non-linear program to model dynamic supplier Selection Problem," Expert 
Systems with Applications, vol. 41, pp. 671-678, 2014.  
[9]  C. Haksever and J. Moussourakis, "A model for optimizing multi-product inventory systems with multiple constraints," International 
215Sutrisno and Purnawan Adi Wicaksono /  Procedia Manufacturing  4 ( 2015 )  208 – 215 
Journal of Production Economics, vol. 97, pp. 18-30, 2005.  
[10] J. Rezaei and M. Davoodi, "A deterministic, multi-item inventory model with supplier selection and imperfect quality," Journal of Applied 
Mathematical Modelling, vol. 32, pp. 2106-2116, 2008.  
[11] H. Shavandi, H. Mahlooji and N. E. Nosratian, "A constrained multi-product pricing and inventory control problem," Journal of Applied 
Computing, vol. 12, pp. 2454-2461, 2012.  
[12] W. Guerrero, T. Yeung and C. Guéret, "Joint-optimization of inventory policies on a multi-product multi-echelon pharmaceutical system 
with batching and ordering constraints," European Journal of Operational Research, vol. 231, pp. 98-108, 2013.  
[13] C. Guo and L. Xueping, "A multi-echelon inventory system with supplier selection and order allocation under stochastic demand," Int. J. 
Production Economics, vol. 151, pp. 37-47, 2014.  
[14] J. M. Maciejowski, Predictive Control with Constraints, USA: Prentice Hall, 2001.  
[15] F. Borrelli, A. Bemporad and M. Morari, Predictive Control for linear and hybrid systems, 2011.  
 
 
 
 
 
